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EXECUTIVE SUMMARY

This report describes in detail an experimental investigation of an innovative
precast prestressed concrete pavement (PPCP) system used to rehabilitate a 1,000 ft.
section of interstate highway located on the northbound lanes of 1-57 near Charleston,
MO. The primary objective of this research was to evaluate the performance of the PPCP
subjected to severe weather and traffic conditions and develop performance data useful
for future projects. The primary difference in this FHWA-MoDOT project compared to
other recently completed FHWA projects in Texas and California using the same
technology was the incorporation of instrumented pavement panels to quantify pavement

performance. Specific goals within the above broad objective included:

e Study of early age behavior of prestressed panels including; hydration and shrinkage
effects, potential residual stresses, and transfer of pre-tensioning.

e Understanding the behavior of joint, anchor, and base panels at various stages of

fabrication, construction and service performance.
e Study of prestress losses during post-tensioning and under service conditions.

e Evaluation of the overall performance of individual panels and the interaction of the
panels within the system. Specifically performance under traffic loads, and daily and
seasonal thermal effects.

Precast panels were fabricated beginning July 2005, construction of the pavement
was completed in December 2005 and the highway was opened to traffic in mid January
2006. Seven of the 101 pavement panels were instrumented and monitored during the
various stages from panel fabrication in July 2005 to performance under service loads
until May 2007. Thirty-nine strain gage instrumented rebars, fourteen vibrating wire
gages, four strandmeters, and thirty-eight thermocouples were installed in the seven
instrumented panels. The instrumentation and data acquisition system developed
facilitated remote monitoring of the pavement once in service. Companion laboratory

studies were performed to characterize concrete properties for analysis of results for the




field measurements. Laboratory studies included compressive strength, modulus of
rupture, fracture energy, chloride permeability, freeze-thaw resistance, unrestrained creep
and unrestrained shrinkage tests.

The project successfully demonstrated the remote service monitoring capability of
the data acquisition system. It has been shown that with appropriate data acquisition
rates, monitoring of related embedded instrumentation, and methods of analysis, it was
possible to isolate and measure strains from traffic loads, prestress losses due to viscous
effects such as creep, shrinkage and relaxation, daily strain excursions due to day-night
thermal loads, pavement strains due to local weather fronts lasting a few days or weeks
and seasonal variations lasting several months of cooling or heating trends. Pavement
strains due to temperature changes significantly overshadow strains due to all other types
of loading (viscous effects such as creep, shrinkage and relaxation, or vehicular loads).

Several suggestions are made based on observations from the study to improve
the fabrication and construction processes used. Early age behavior during
hydration/curing has been discussed. Concrete strains due to progressive prestress
transfer during panel fabrication as well as post-tensioning operations during construction
have been studied and analyzed. Significant pavement characteristics are identified based
on experimental data from service performance on the influence of daily, short-term and
seasonal thermal loading. Long-term prestress losses due to viscous effects such as creep,
shrinkage and relaxation have been estimated and compared with theoretical predictions

using an incremental time-step model.
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